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(54) MASK MATERIAL FOR DRY ETCHING 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a mask material for dry etching, which is 
suitable for fine patterning of thin magnetic films of about several nanometers 
such as NiFe and CoFe composing a TMR film, and furthermore, which can 
simplify a manufacturing process of a TMR element and reduce a manufacturing 
cost concerned with facilities and materials 

SOLUTION: The mask material used in dry etching magnetic materials with 
mixed gas of carbon monoxide and a compound including nitrogen is 
characterized in consisting of a metal (either of tantalum, tungsten, zirconium, or 
hafnium) of which the melting point or the boiling point rises when the material 
changes into a nitride or a carbide. 
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process of a TMR element and reduce a manufacturing cost 
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* NOTICES * 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Mask material for dry etching characterized by consisting of a metal with which the melting point or 
the boiling point goes up in the charge of mask lumber at the time of carrying out dry etching of the magnetic 
material to a carbon monoxide as etching gas using the mixed gas of a nitrogen-containing compound when the 
ingredient concerned changes to a nitride or carbide. 

[Claim 2] Mask material for dry etching according to claim 1 characterized by making a metal into a tantalum. 
[Claim 3] Mask material for dry etching according to claim 1 characterized by using a metal as a tungsten, a 
zirconium, or a hafnium. 



[Translation done.] 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the mask material used for micro processing by the dry etching 
of the magnetic multilayered film which constitutes a magnetic resistance element called especially GMR (huge 
magnetic reluctance) and TMR (tunneling magnetic reluctance) about the new mask material for dry etching 
useful to manufacture of the magnetic head used for the writing to a magnetic disk, integration MAG memory, 
etc. in more detail about the mask material for etching used in the process which etches magnetic materials, 
such as nickel, Fe, and Co. 
[0002] 

[Description of the Prior Art] It has about the same rapidity as SRAM by about the same accumulation 
consistency as DRAM, and the TMR (tunneling magnetoresistive) film which mainly consists of laminatings of 
nonmagnetic [ about several nm ] or a magnetic thin film is used for MRAM (magnetic random access memory) 
and the magnetic head which are the integration MAG memory which attracts attention as rewritable memory 
indefinitely. 

[0003] There were few proposals about the mask material for dry etching which was suitable for micro 
processing of an about several nm thin magnetic film like NiFe which constitutes this TMR film, or CoFe until 
now. 

[0004] as the mask for reactive ion etching by the plasma which used the mixed gas of a carbon monoxide and a 
nitrogen-containing compound for JP,1 1-92971, A as a mask for dry etching titanium, magnesium, aluminum, 
germanium, platinum, palladium, and these each — or the mask which consists of at least one or more sorts in 
the alloy which uses two or more sorts as a principal component, or a compound is proposed. However, in 
JP,1 1-92971, A, examination of the optimal mask material for which reference was not made about a selection 
ratio important as an etching property and which put the whole production processes, such as a TMR 
component, into the visual field was not made. 
[0005] 

[Problem(s) to be Solved by the Invention] the mask material for dry etching which was suitable for micro 
processing of an about several nm thin magnetic film like NiFe from which this invention constitutes the TMR 
film, or CoFe, and still such mask material — it is — in addition — and it aims at proposing the mask material for 
dry etching which can aim at simplification of the production process of a TMR component, facility, and 
reduction of the manufacturing cost in connection with an ingredient. 
[0006] 

[Means for Solving the Problem] By placing a workpiece and adding electric field into the plasma of etching 
gas, a way method of the dry etching called RIE (reactive ion etching) widely used as a means of micro 
processing of a semi-conductor production process today makes a chemical operation and a physical operation 
occur simultaneously, and etches only the specific matter. 

[0007] According to the physical operation of the sputtering operation by the ion which carries out incidence at 
right angles to the front face of the workpiece which is not covered with a mask theoretically, and evaporation 
Moreover, chemical active species, such as ion of the etching gas which occurred in the plasma, and a radical, 
collide or adsorb on the surface of a workpiece. It is thought that it is going on when the volatile high product 
which produced the workpiece and the chemical reaction according to chemical operation that a surface reaction 
layer with a lifting and low binding energy is formed ****s. 
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[0008] The artificer of this application advanced research using Ti proposed as most desirable matter in said 
JP,1 1 -92971 ,A, and found out that it was thought that the dry etching of this invention is mainly advancing by 
sputtering. 

[0009] In etching of magnetic materials, such as NiFe and Fe, maintaining an etch rate, if the mixed gas of a 
carbon monoxide and a nitrogen-containing compound is used for etching gas and Ti is made into mask 
material in spite of making it difficult to enlarge a selection ratio (etch rate of the etch rate/mask of a magnetic 
material) with a mask generally, the etch rate of Ti is specifically slow and a big selection ratio can be taken 
( drawing 1 ). 

[0010] As a result of an invention-in-this-application person's advancing research about this, it turned out that it 
is what the following two effectiveness is multiplied and such a result is brought. 

[001 1] The first effectiveness is a difference of the sputtering yield of a magnetic material and Ti which is 
etched material. 

[0012] It is known as compared with the metal in which magnetism, such as Co, Fe, and nickel, is generally 
shown that the sputtering yield of Ti is low. For example, Ti is as low as 0.51 to 1.2 and Fe being [ 1.1 or 0.84, 
and nickel of an Ar ion 500eV sputtering yield ] 1 .45 or 1 .33 for Co. 

[0013] That is, in the dry etching considered that the sputtering operation is dominant as mentioned above, it is 
considered to be because for the sputtering yield of Ti to be low as compared with the metal which shows 
magnetism in the first place that Ti can take a big selection ratio specifically. 

[0014] Therefore, in order to secure a high selection ratio in the dry etching from which a sputtering operation 
becomes dominant as mentioned above when an etched ingredient is a magnetic material, it is important to 
adopt the small ingredient of a sputtering yield first as mask material compared with an etched ingredient like 
aforementioned Ti. 

[0015] The 2nd effectiveness of bringing about the result that the etch rate of Ti is specifically slow and a big 
selection ratio can be taken if the mixed gas of a carbon monoxide and a nitrogen-containing compound is used 
for etching gas and Ti is made into mask material in etching of a magnetic material is changing refining of Ti of 
mask material into a more stable condition with the mixed gas of the plasma-ized carbon monoxide gas and 
nitrogen-containing compound gas, as explained below. 

[0016] When the invention-in-this-application person investigated further that the etch rate of Ti was slow, like 
the drawing 2 graphic display, the etch rate of etching gas was [ especially the direction in the case of the mixed 
gas of a carbon monoxide and a nitrogen-containing compound ] slower than the case of only the gas (NH3 gas, 
N2 gas) of a nitrogen-containing compound, and it turned out that a big selection ratio can be taken. 
[0017] Moreover, from the experimental result shown in drawing 1 and drawing 2 , the pair Ti selection ratio 
fell, so that the flow rate of NH3 gas became large (i.e., so that the flow rate of CO gas in the mixed gas of a 
carbon monoxide and a nitrogen-containing compound became small) ( drawing 1 R> 1), and on the conditions 
into which a carbon monoxide (CO gas) does not go at all, it turned out only like NH3 gas or N2 gas that a pair 
Ti selection ratio is low ( drawing 2 ). 

[0018] That is, one with a high (large) pair Ti selection ratio is considered because the etch rate of Ti is falling 
as compared with NiFe whose carbon monoxide (CO gas) much etching gas is a magnetic material, so that there 
is in the case of the mixed gas of a carbon monoxide and a nitrogen-containing compound. 
[0019] Furthermore, according to the experiment of an invention-in-this-application person, under the 
conditions from which ion incidence energy is seldom different, for example, the conditions from which the 
experimental result of drawing 1 was obtained, the etch rate of Si02 shows the same behavior as magnetic 
films, such as NiFe and Fe. Also from this, that a pair Ti selection ratio becomes high in the mixed gas of a 
carbon monoxide and a nitrogen-containing compound can consider that it is not because the etch rate of a 
magnetic material is very high, and the etch rate of Ti is because it is small in the mixed gas of a carbon 
monoxide and a nitrogen-containing compound rather. 

[0020] Then, the artificer performed XPS (X-ray photoelectron spectroscopy) analysis of the depth direction of 
Ti film after the dry etching processing which that a pair Ti selection ratio becomes high (greatly) considered 
deterioration of Ti front face in the case of the mixed gas of a carbon monoxide and a nitrogen-containing 
compound, and used the mixed gas of a carbon monoxide and a nitrogen-containing compound for it as etching 
gas. Consequently, it has checked having nitrided Ti film after etching processing about several nm near the 
front face to high concentration, and having carbonized it on the whole. 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 0/1 7/2005 



JP,2002-038285,A [DETAILED DESCRIPTION] 



Page 3 of 6 



[0021] That namely, the etch rate of Ti film falls when using the mixed gas of a carbon monoxide and a 
nitrogen-containing compound as etching gas With carbonization of Ti used as mask material, the carbon 
monoxide which two of nitriding involve and is in the plasma state, and the etching gas which is the mixed gas 
of a nitrogen-containing compound It was thought by Ti film which is mask material serving as a nitride or 
carbide, and becoming stability chemically or structural more that it was because the sputtering yield decreased 
further. 

[0022] then, as physical properties which show chemical or structural stability by the time of forming the nitride 
or carbide other than being the small ingredient of a sputtering yield compared with an etched ingredient like 
aforementioned Ti The melting point considered to be related to the energy between atoms or the boiling point 
is observed. In the metal of the IV- VI group of the periodic table When it changed to a nitride or carbide rather 
than the time of a simple substance metal, it surmised that it was one condition that I accept it since it has a high 
selection ratio that it is the metallic material with which the melting point or the boiling point goes up, and this 
invention was completed. 
[0023] 

[Embodiment of the Invention] In the charge of mask lumber at the time of carrying out dry etching of the 
magnetic material to a carbon monoxide as etching gas using the mixed gas of a nitrogen-containing compound, 
the mask material for dry etching which this invention proposes is characterized by consisting of a metal with 
which the melting point or the boiling point goes up, when the ingredient concerned changes to a nitride or 
carbide. 

[0024] Specifically, the metal in the above can be used as a tantalum (Ta), a tungsten (W)> a zirconium (Zr), or 
a hafnium (Hf). 

[0025] As the following table 1 , when a sputtering yield is low and it becomes a nitride or carbide from a 
simple substance metal as compared with the metal in which magnetism is shown, the melting point or the 
boiling point goes up, in the dry etching using the mixed gas of a carbon monoxide and a nitrogen-containing 
compound as etching gas, there is an inclination which shows a high selection ratio to magnetic materials, such 
as NiFe and CoFe, and any [ these ] metal is good as mask material for dry etching to a magnetic material. 
[0026] 
[A table 1] 
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In addition, the melting point and the boiling point in said table 1 are based on "CRC Handbook ofChemistry 
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and Physics" (Editor-in-Chief:Robert C. Weast, CRC Press, Inc. (1988)). Moreover, a sputtering yield is based 
on "the foundation (the 3rd edition) of thin film creation" (**** Tatsuo Nikkan Kogyo Shimbun). 
[0027] Especially Ta is effective among the aforementioned metal as mask material for dry etching to the 
magnetic material which constitutes a TMR component from the following reasons. 

[0028] Although drawing 3 measures the selection ratio to Ta of the NiFe film which constitutes the magnetic 
film for TMR, and the CoFe film, the selection ratio to Ta of the CoFe film is 10 or more times, and it can 
check that Ta can be adopted as mask material at the time of etching magnetic materials, such as NiFe film and 
CoFe film. 

[0029] On the other hand, in order for the magnetic thin film which constitutes a TMR component to prevent 
property degradation by oxidation as a component and to secure chemical stability etc., the nonmagnetic thin 
film which has the conductivity called a protective coat is formed in that front face, and Ta is usually used for 
this protective coat. The reason Ta is used as a protective coat is that it grows up in respect of the orientation 
made desirable [ the magnetic film which carries out work important as components, such as NiFe formed by 
carrying out a laminating on it, ] when Ta has the stability as a protective coat and also Ta film is used as the 
substrate film. 

[0030] Then, in the process in which micro processing of a TMR component is performed by using Ta as mask 
material for dry etching which this invention proposes, since Ta formed as a protective coat of a TMR 
component is used as a mask, after micro-processing termination of a TMR component, it becomes unnecessary 
to remove a mask, it leaves this as it is, and can be used as a protective coat. 

[0031] Namely, if Ta which is also the substrate film required for magnetic film formation good as mask 
material for dry etching which this invention proposes is used, since Ta used for the mask will serve as a 
component (protective coat) of a TMR component The process which removes a mask after etching termination 
becomes unnecessary, and it leads to shortening of a production process, and simplification, and it becomes 
unnecessary to prepare another ingredient only as an object for masks, and a facility and the cutback of the cost 
in connection with an ingredient can be aimed at. 

[0032] In addition, in the above, the third gas, such as an argon (Ar), helium (helium), a xenon (Xe), a krypton 
(Kr), and neon (Ne), may be added as addition gas to the mixed gas of the carbon monoxide used as reactant 
gas, and a nitrogen-containing compound. By adding these third gas, the above-mentioned carbon monoxide 
and the mixed gas of a nitrogen-containing compound can be diluted, and too much dissociation of gas and re- 
dissociation of an etching product, and the reattachment can be controlled. 

[0033] A pair Ti selection ratio becomes small, so that the addition of Ar gas to the mixed gas of a carbon 
monoxide and a nitrogen-containing compound is large, as shown in drawing 4 . However, this inclination 
Since the metal (Ta, W, Zr, Hf) with which the melting point or the boiling point goes up is shown when it 
changes to a nitride or carbide from the simple substance metal adopted in this invention When adding the third 
gas like Ar gas mentioned above to the mixed gas of a carbon monoxide and a nitrogen-containing compound, 
as for the addition, considering as 80% or less is desirable. 
[0034] 

[Example(s) of Experiment] About the case where the tantalum (Ta) which this invention proposes as a charge 
of mask lumber at the time of carrying out dry etching of the magnetic material to a carbon monoxide as etching 
gas using the mixed gas of a nitrogen-containing compound is adopted, it etched to the TMR component using 
the etching system of source loading of the helicon wave plasma as shown in drawing 5 . 
[0035] The fundamental structure of a TMR component is shown in drawing 6 . 

[0036] The TMR structure by which a TMR component is characterized sandwiches 20aluminum3 film which 
is the insulating layer whose thickness is lnm, and consists of FeMn (20nm of thickness) of an 
antiferromagnetism layer in the ferromagnetic layer (for a pin layer, 5nm and a free layer are [ thickness ] 
lOnm) which consists of two CoFe(s) called a pin layer (upper layer of aluminum 203), and a free layer (lower 
layer of aluminum 203), and the upper layer of a pin layer. In addition, the basic principle of a TMR 
component and explanation of operation are omitted here. 

[0037] Furthermore, Ta which is also a mask for the dry etching of a magnetic layer including aluminum 203 
which is the protective layer of a TMR component and is an insulating layer is carrying out the laminating to 
the maximum upper layer which touches atmospheric air among the production process. In order for Ta to make 
the thickness as a protective layer secure after dry etching, the laminating of before etching is carried out to 9nm 
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thickness. Generally sequential formation of a protective layer (Ta), an antiferromagnetism layer (FeMn), a 
ferromagnetic layer (CoFe), and the insulating layer (aluminum 203) is carried out by sputtering. 
[0038] First, Ta film was etched by having used PR as the mask to the TMR component of the configuration of 
the drawing 6 (a) graphic display using SF6 gas, and it considered as the mask of a magnetic layer (FeMn, 
CoFe) including aluminum 203 which is an insulating layer about Ta film formed like the drawing 6 (b) 
graphic display. This process was performed as follows. 

[0039] The inside of the vacuum housing 2 of the drawing 5 graphic display was exhausted by the exhaust air 
system 21 , the wafer 9 which carried out the laminating of the TMR film which opens a non-illustrated gate 
valve and serves as a TMR component of the configuration of the drawing 6 (a) graphic display was carried in 
in the vacuum housing 2, and it held in the object electrode holder 4, and maintained to predetermined 
temperature according to the temperature control device 41. Next, a gas feed system 3 is operated and the 
etching gas (SF6) of a predetermined flow rate is introduced into drawing 5 into a vacuum housing 2 through 
non-illustrated piping, a bulb, and a flow regulator from the bomb which is accumulating SF6 non-illustrated 
gas. The introduced etching gas is diffused in the dielectric wall container 1 1 via the inside of a vacuum 
housing 2. Here, the source 1 of the plasma is operated. The dielectric wall container 1 1 airtightly connected as 
the building envelope opened the source 1 of the plasma for free passage to the vacuum housing 2, The antenna 
12 of 2 turns which carry out induction of the helicon wave into the dielectric wall container 1 1 , A transmission 
line 15 connects with an antenna 12 through a non-illustrated adjustment machine, and it consists of RF 
generator 13 for plasma which generates the high-frequency power (source power) supplied to an antenna 12, 
and electromagnet 14 grade which produces a predetermined field in the dielectric wall container 11. When the 
RF which RF generator 13 for plasma generated is supplied to an antenna 12 by the transmission line 15, the 
current of the reverse sense flows mutually at the antenna 12 of 2 turns, consequently induction of the helicon 
wave is carried out to the interior of the dielectric wall container 1 1 . The energy of this helicon wave is given to 
etching gas, and the helicon wave plasma is formed. In addition, a large number are arranged in a hoop 
direction, and it is arranged in it so that it may differ mutually with the magnets which the magnetic pole of the 
field where many magnets 22 for side attachment walls face the outside of the side attachment wall of a vacuum 
housing 2 the side attachment wall of a vacuum housing 2 adjoins, and a cusp field is stood in a row and formed 
in a hoop direction in accordance with the inner surface of the side attachment wall of a vacuum housing 2 of 
this, and diffusion of the plasma to the inner surface of the side attachment wall of a vacuum housing 2 is 
prevented. At this time, simultaneously, RF generator 5 for bias is operated, the self-bias electrical potential 
difference which is a negative in one direction flowed electrical potential difference is given to the wafer 9 
which is an etching processing object, and the ion incidence energy from the plasma to the front face of a wafer 
9 is controlled. The plasma which is the above, and was made and formed is spread in a vacuum housing 2 from 
the dielectric wall container 1 1 , and it reaches even near the front face of a wafer 9. Under the present 
circumstances, the front face of a wafer 9 is etched. 

[0040] in addition, the etching process of Ta film with PR mask using above SF6 was performed at 
pressure:0.5Pa in flow rate:326mg/min. (50sccm) of etching gas (SF6), source power: 1000W, and bias 
power: 100 W and a vacuum housing 2, and temperature: 50 degree C of a wafer 9. 

[0041] Next, the magnetic film was etched with Ta mask formed of the aforementioned process, using the 
mixed gas of CO gas and NH3 gas as etching gas. 

[0042] Although this process is also performed using the etching system of source loading of the helicon wave 
plasma of the drawing 5 graphic display The process which the gas feed system which is not illustrated was 
operated in the aforementioned process, and was introduced into the vacuum housing 2 by making SF6 gas into 
etching gas Operate a gas feed system 3 and piping 32, a bulb 33, and a flow regulator 34 are minded from 
bomb 31b which is accumulating bomb 31a which is accumulating CO gas of the drawing 5 graphic display, 
and NH3 gas. Changing into the process which introduces a predetermined mixing ratio and the etching gas 
(mixed gas of CO gas and NH3 gas) of a flow rate into a vacuum housing 2, others etched like the above- 
mentioned process and obtained the TMR component of the drawing 6 (c) graphic display. 
[0043] the etching process of a magnetic film with this Ta film mask is performed at pressure:0.8Pa in flow 
rate:CO gas:12.5mg/min. (lOsccm) of etching gas, NH3 gas:22.8mg/min. (30sccm), source power:3000W, and 
bias power: 1200 W and a vacuum housing 2, and temperature: 100 degree C of a wafer 9. 
[0044] When the TMR component was etched in the above process, the adhesion film to a pattern side 
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attachment wall was not generated. 

[0045] On the other hand, when the TMR component was etched with PR mask using Ar gas, the adhesion film 
had arisen on the pattern side attachment wall. 

[0046] Consequently, as shown in drawing 3 , the mixed gas of a carbon monoxide and a nitrogen-containing 
compound was used as etching gas, Ti and the etching engine performance more than equivalent (CoFe etch 
rate: 63.1nm/min., Ta etch rate:5.7nm/min., selection-ratio (pair CoFe):l 1) were obtained as a charge of mask 
lumber at the time of carrying out dry etching of the magnetic material which constitutes a TMR component, 
and it left Ta film as it was after etching as a protective coat which is 5nm of thickness. 
[0047] Furthermore, if Ta was used as mask material, since the affix to the pattern side attachment wall 
resulting from the resultant generated by dry etching would be reduced, the taper angle was also large and it was 
shown that little etching of the affix to a pattern side attachment wall can be performed. 

[0048] As mentioned above, although the gestalt of desirable implementation of this invention and the example 
of an experiment were explained, this invention is not limited to the gestalt of operation mentioned above, and 
can be changed into various gestalten in the technical range grasped from the publication of a claim. 
[0049] For example, the mixed gas of a carbon monoxide and a nitrogen-containing compound is made into 
etching gas, and when using metals, such as Ta which this invention proposes, as mask material for the dry 
etching of the magnetic thin film which constitutes a TMR component, the configuration of a TMR component 
is not limited to the configuration of the drawing 6 graphic display. 

[0050] Moreover, in said example of an experiment, although the etching system of source loading of the 
helicon wave plasma was used as an etching system, an etching system is not restricted to this and can use the 
parallel plate mold RIE, Magnetrons RIE, ECR, and ICP, etc. 
[0051] 

[Effect of the Invention] the mask material for dry etching which was suitable for micro processing of an about 
several nm thin magnetic film like [ according to this invention ] NiFe which constitutes the TMR film, or 
CoFe, and still such mask material — it is — in addition — and the mask material for dry etching which can aim 
at simplification of the production process of a TMR component, facility, and reduction of the manufacturing 
cost in connection with an ingredient can be offered. 
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